








HORATIO ALLEN. 


_AT the close of the last day of the year 1889, Horatio 
Allen, one of the oldest engineers in the world, passed away 
from earth. His lite began with the opening of the century, 
and was identified with many of its earlier engineering en- 
terprises, and he took a leading part in the introduction 
of railroads and locomotives in this country. 

He was born in Schenectady, N. Y., in 1802, and was 
consequently 87 years old last year. He was the son of 
Dr, Benjamin Allen and Mary Benedict Allen, His father 
was professor of mathematics at Union College, at Sche- 
nectady, and afterward established a large school at Hyde 
Park, N. Y, The son therefore had excellent educational 
advantages in early life, and was sent to Columbia College 
in New York City, from which he graduated about 1823, 
taking high rank in mathematics. He studied law for 
about a year, but after a short time decided to make engi- 
neering his work, and entered the employment of the 
Chesapeake & Delaware Canal Company under Judge 
Wright, then Constructing Engineer of that work. He was 
sent to St, George's, Del., and within two weeks was placed 
in full charge ot a party. In the autumn of 1824 he was 
made Resident Engineer of that work. A year later he was 
appointed Resident Engineer of the summit level of the 
Delaware € Hudson Canal, under John B. Jervis, then 
Chief Engineer of the Company. While Mr, Allen was 
engaged in this position his attention, and that of other en- 
- gineers in America, was attracted to the performance of 
locomotives in England. His early relation to these events 
may best be told in his own words, quoted from a pamphlet, 
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with the title ** The Railroad Era,” which he published a 
few years ago. In this he said: 

_““ During the years 1826 and 1827 the use of the locomo- 
tive on the Stockton & Darlington Road, England, had be- 
come known to many, and especially to civil engineers in 
this country, and among others to myself, then a Resident 
Engineer on the line of the Delaware & Hudson Canal, the 
great engineering enterprise of the time, the first of the 
great works, canal and railroad, that were to bring the an- 
thracite coal of the valley of the Susquehanna into the val- 
leys of the Delaware and of the Hudson and to the ocean. 

* Such consideration as was within my power led me to 
a decided conviction as to the future of the locomotive as 
the tractive motive power on railroads for general freight 
and passenger transportation, as it had begun to be for 
mine transportation... . 

'* Early in the year 1827 I had given all the attention 
that it was in my power to give, and having come to con- 
clusions as to the locomotive, that all subsequent experi- 
ence has confirmed, and believing that the future of the 
civil engineer lay in a great and most attractive degree in 
the direction of the coming railroad era, I decided to go 
to the only place where a locomotive was in daily opera- 
tion and could be studied in all its practical details, 

'* Closing my service on the Delaware & Hudson Canal, 
some two months were appropriated to certain objects and 
interests, after which I was again in New York, prepar- 
atory to going to England. 

““On my return to New York from these visits, I found 
that it had been decided by the Delaware & Hudson Canal 
Company to intrust to me, first, the having made in Eng- 
land for that Company the railroad iron required for their 
railroad. . . . and having built in England, for the Com- 
pany, three locomotives, on plans to be decided by me 
when in England. 

** This action of the Delaware & Hudson Canal Company 
was on the report of their Chief Engineer, John B. Jervis, 
and thus it occurred that the first order for a locomotive 
engine, after the locomotives on the Stockton & Darling- 
ton Road were at work, came from an American company, 
on the report of an American civil engineer.” 
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The following are copies of some old papers, which were 
preserved by Mr. Allen, relating to this commission. One 
of them is indorsed : 

**1828.--EXTRACTS FROM THE REPORT OF THE COM- 
MITTEE SANCTIONED BY THE BOARD REFERRED TO IN MY 


LETTER TO MR. ALLEN, | 
**J, BOLTON, President.” 


The following is a copy of the paper which evidently 
embodies the instructions of a committee to Mr. Allen for 
the execution of his commission in England : 


EXTRACT, ETC. 

That Horatio Allen, Esq., Civil Engineer, has agreed lo go 
to England as the Agent of the Company to procure the railroad 
plates and perform such other services in relation thereto as 
may be required of him. The Company to pay his passage out 
and home and his expenses during his stay, allowing him to re- 
main three months, for the purpose of attending to the Com- 
pany’s business and acquiring information, His expenses on 
the whole not to exceed $900, and on his return he will com- 
municate to the Company all the information he may acquire 
that may be useful to the work in which they are engaged. 

That they deem it advisable to authorize Mr. Allen to procure 
one locomotive engine complete, as a pattern, and that the 
Chief Engineer is making inquiries to ascertain whether it may 
not be expedient to authorize the construction of allthe loco- 
motive engines in England. 

That it is deemed advisable to suspend the making of the 
wheels and axles of the coal wagons until information be re- 
ceived from Mr. Allen of the cost of those articles in England, 
and of the latest improvements that have been adopted in the 
manner of connecting the wheels and axles. The engineer in 
his report recommends wheels of 34 ft. diameter ; but his mind 
is not definitely made up on this point. He will investigate the 
matter further and report the result. 

That Mr. Allen be instructed to procure the railroad plates of 
the length recommended in the report of the Chief Engineer ; 
the ends to be cut and fitted into each other and the holes made 
for the fastenings, as recommended in the same report ; that the 
rounding of the edges of the plates will be advantageous, but is 
not so indispensable as to induce the committee to recommend 
that the plates be thus formed without limitation as to the in- 
crease of expense and time that may be required therefor, 
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That there is much force in the reasoning of the Chief En- 
gineer in favor of dispensing with any allowance for expansion 
and contraction of the plates, in forming the holes for the fasten- 
ings, yet the committee are of opinion that it would be safest to 
make such allowance, and the Chief Engineer has devised a plan 
for effecting it which the committee believe will be successful. 
This plan will be communicated to Mr. Allen and he may then 
be allowed very safely to adopt that or any other plan which 
may be found more economical. 

The committee being now satisfied that an economical plan 
will be devised for forming the holes in the plates so as to allow 
for contraction and expansion, they unite in opinion with the 
Chief Engineer that the fastenings of the plates will be best 
effected with screws. 

That the Chief Engineer is of opinion that on two of the levels 
west of the summit and one east of the summit machinery 
worked by engines may be advantageously substituted for the 
horse-power first proposed, but that the form of the country will 
not admit of such substitution on the other levels west of the 
summit. 


EXTRACT FROM THE MINUTES OF JANUARY I0, 1828. 
S. FLEWELLING, 

Treasurer of the Delaware & Hudson Canal Company. 
The rounding of the edges or omitting it is left to Mr. Allen, 
The last paragraph is introduced to suggest to Mr. Allen that 
‘information is wanted. In the letter to Messrs. Brown, I say : 
“Mr. Allen is authorized to procure such drawings of machinery 
and designs connected with railroads, canals, and the raising 

and transporting of coal as he may deem proper.”” 
| J. BOLTON. 


A letter from Mr. Jervis, the Chief Engineer, which ap- 
parently accompanied the preceding '* Extracts from the 
Report of the Committee, '* is endorsed ; 

" 1828.—MR. JERVIS'S LETTER TO MR. ALLEN REFERRED 
TO IN MY LETTER TO MR, ALLEN, 

“* J. BOLTON.” 

The letter is as follows : 

To Horatio Allen, Esq. 

DEAR SIR : The Board of Managers for the Delaware & Hud- 
son Canal Company, having made an engagement with you to 
proceed to England as their Agent to procure certain articles 
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for the proposed Carbondale Railroad, and also such informa- 
tion as may be useful in the construction and management of 
said railroad; I am therefore directed by the said Board of 
Managers to furnish you such information and instruction as 
will further their object. 

The Board of Managers have determined on procuring their 
iron plates for the railway tracks as one item, 

The length of plates to be from 12 to 14 ft., as you may find 
most convenient for rolling them through on the edges ; to be 
24 in. wide on the bottom and 2 in. on the upper surface and + 
in, thick, with the upper edges rounded and the end finished as 
represented on the plan. Holes to be drilled for the screws 
with countersunk heads at each end of every bar and at inter- 
mediate points 18 in. apart. After the holes and countersink 
have been drilled in a circular form, then a rimmer of tbe proper 
form to fit the countersink and hole for the neck of the screw to 
be put in to cut the aperture longitudinally, To effect this the 
rimmer must be put in and then firmly fixed to its position and 
the bar made to move toward it in the direction of its length, 
about 4+ or ġ of an inch. This may be reduced as you recede 
from its end to the center ; but as it is likely to create confusion 
to attempt any economy in varying the length to be rimmed, it 
will be better to have all the holes rimmed alike. 


LOCOMOTIVE STEAM ENGINES, 


It is desirable, in order to dispense with the tender carriages, 
to have a water tank fixed to the engine carriage that will con- 
tain about 100 gals. If made in two parts, of sheet-iron, it will 
weigh, with its hanging or supporting irons, about 250 lbs., and 
the water ahout 1,000 lbs., making together about 1,250 lbs. 
To increase the capacity of the tank to 120 or 150 gals. would 
add but little to its weight. I see no difficulty in attaching such 
a tank to the engine carriage, and you will determine whether 
it will be most convenient to support it over the axles or sus- 
pend it under them ; being divided into two equal parts it may 
-be placed on each side of the revolving chains, with a pipe to 
pass the water from one tothe other. If the weight of the en- 
gine should admit of it, it will be preferable to make the tank 
sufficient to contain 120 to 150 gals, The pump of the engine 
to supply the boiler with water from the tank should be calu- 
lated to work one-quarter faster than necessary for a regular 
supply in order to provide for a waste of steam when the engine 
stops, and to be constructed so as to work by hand, which will 
be necessary at certain times. The boiler will not require a 
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capacity for any considerable quantity of water beyond what is 
necessary for the work, as the pump will regularly supply, ex- 
cept when the carriage stops at the end of the road, at which 
time it is supposed to have supplied a surplus adequate to the 
waste that will take place during delay. The stoppages may 
be estimated at one-quarter the whole time; on the shortest 
section IO minutes, on the longest 20 minutes. The weight of 
engine, carriage, and water, if placed on six wheels, to be from 
6 to 7 tons, but 64 tons preferred. If it should be found that a 
six-wheel carriage has any important difficulty ‘in working 
well on curved roads, that in your judgment would counterbal- 
ance the advantage of a heavier engine and give the preference 
to the four-wheel carriage, then the weight must not exceed 
53 tons ; but the six-wheel carriage will be preferred if it can 
be made to work. If a six-wheel carriage the axle need not 
exceed 24 or 3 in. at the bearing. The diameter of the wheels 
3 to 4 ft., as yon find most approved from experiments in Eng- 
land for similar purposes and rate of traveling, say 34 to 5 miles 
per hour. The power of the engine, such as will carry 800 lbs., 
at the rate of 4 miles the hour, or what is nearly the same thing, 
640 lbs. at the rate of 5 miles the hour. I think about a miles 
the hour a good velocity for the work contemplated, but the 
range above given will allow you to vary this, as you may find 
most expedient, in relation to several points that you will per- 
ceive to have a bearing on this question. The diameter of the 
wheels of the engine carriage will affect the velocity, or distance 
traveled at a given number of strokes of the engine, but I would 
take 3 ft. as the minimum diameter and make them as much 
larger as the arrangement of the working parts will admit, with- 
out giving too great a velocity. The length of the stroke must 
depend something on the facilities of securing firmness to the 
cylinder, and this may lead you to prefer a larger or smaller 
diameter for the cylinder; the pressure of the steam has also a 
bearing on the question ; on account of the weight I think the 
cylinder should not exceed 8 in. | 

To elucidate my views more fully, I will state what appears 
to me a suitable arrangement, Length of stroke 27 in. and 40 
strokes per minute; two 8-in. cylinders, pressure of steam 60 
lbs. per square in. This will give 2,400 revolutions per hour. 
Area of cylinder 8° X .7854 X 2 = 100.5 sq. in. A double 
stroke equal 4.5 ft. ; then 100.5 X 4.5 X 60 X 2,400 =65,124,- 
000 lbs. raised 1 ft. But by the experiments of Wood we may 
only take 30 per cent. and 65,124,000 X .30 = 19 537,200 raised 
I ft., which is equivalent to 800 lbs. carried or raised 24.421 ft., 
equal to 4.62 miles per hour. Now 24 421 = 2,400 = 10,17 
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ft., the space moved over by ihe carriage at each revolution of 
the engine, and of course the diameter of the wheel must be 
3.25 ft. Ifí there should appear a difficulty in securing a cylinder 
with proper stability for the above length of 27 in., it may be 
advisable to make the stroke 25 in. Then, all other points re- 
maining the same, the power of the engine will only be equal to 
carry the same load of 300 lbs. 44 miles, and the wheels of the 
carriage must be reduced to 3 ft. diameter. It may be found 
expedient to have larger wheels and travel at the rate of 5 miles 
per hour, with a proportional load. Suppose cylinder 7} in. 
diameter, 27 in. stroke, pressure 60 lbs., go double strokes per 
minute, or 2,400 per hour. Then 7.5% X .7854 X 2 = 88.34, 
say area of two eylinders 88 X 60 X 4.5 X 2,400 = 57,224,000 
lbs, raised I ft. ; 30 per cent. is 17,107,200 Jbs, raised 1 ft., and 
is equivalent to 648 lbs, carried 5 miles, will require the carriage- 
wheel to be 34 ft. diameter. The power of the engine will be a 
trifle less than the last calculation before it. But if you find it 
necessary to reduce the length of stroke to 25 in., it will not 
give the power we prefer with less than 8-in. cylinders. If, as 
before observed, you find difficulties that have not been antici- 
pated in working a six-wheel carriage, that compels the use of 
a four-wheel carriage, the power of the engine must be reduced 
in order to reduce the weight of the engine and the carriage. 
If you can avoid it, I think it better not to calculate for more 
than 40 double strokes per minute. I believe the above will 
give you a sufficient view of what will answer our object, and 
you must vary as you find the experience of England and your 
own judgment may direct. I am of opinion that the furnace 
had better be of the oval form laid flat, otherwise the furnace 
may be the same as for bituminous coal. It is supposed an- 
thracite coal does not require so high a chimney as other fuel, 
but I am not possessed of any particular facts on this subject ; 
I presume you can have the chimney so constructed that an 
additional piece may be attached if it is found on trial to require 
it. On this presumption I would not have it more than ro ft. 
high. As the height of chimney will affect the calculaion of 
bridges, it is advisable to understand this question as early as 
possible. 

The width in the clear between the rails is 4 ft. 3in. The 
greatest curvature of that part of the road on which locomotive 
engines are to be used i is that which gives a versed sine of I ft. 
on a chord of 5g ft. ; but there is only a single instance of this 
curvature, arc of 15 chains. The curvature which occurs in 
several instances is a versed sine of 1 ft. on a chord of 66 ft. 
A 10-ft, chord exactly # In. 


12 


It is determined by the Board that you will procure from 
England one locomotive engine with carriage complete for 
work, The three others that will be wanted to depend on the 
cost at which they can be obtained and delivered at New York, 
It is supposed that they can be obtained of American manufac- 
turers for $1,800, and 1 presume it will not be economy to pro- 
cure them from England at a greater cost, unless you perceive 
a superiority in the workmanship of English engines that in 
your opinion will justify the additional cost. 

As a preliminary step 1 should advise, previous to the pur- 
chase of the locomotive steam engine, that you visit the Killing- 
worth Railroad near Coventry, the Hetton Railroad, and Dar- 
lington & Stockton Road ; the two latter are near Sunderland. 
At Killingworth the locomotive engine is said to have been in 
regular use (working by the adhesion of the wheels) since the 
year 1814 ; but the Hetton Road is more in the character of the 
proposed work. | 

Although I am strongly of opinion that this will be the most 
convenient and economical power for the contemplated rail- 
road, still you will perceive the propriety of availing ourselves 
of the experience of others in reference to its actual utility. If 
on examination you should find essential difficulties that we 
have not apprehended in the use of this means of transportation, 
and such as in your judgment would counterbalance their ad- . 
vantages, then it will be advisable not to make an engagement, 
but to communicate the result of your observations as early as 
possible. 

RAILROAD CARRIAGES, 


Inquire respecting the relative advantages of the fixed and re- 
volving axle of common railway carriages ; their operation on 
curved roads ; the methods and facility of appiying the brake ; 
the manner of constructing and securing the axle to the wheel 
in both cases; facilities for oiling ; the width of rim or track of 
wheels as compared to the width of rail ; thickness, depth of pro- 
jection and form of flange; breadth and thickness of spokes of 
cast and wrought iron; manner of handling and fastening the 
door in the bottom of the carriage to facilitate unloading coal. 

It is deemed advisable to ascertain the cost of iron axle trees 
for the coal carriages made of iron equal in quality to Swedes 
or Russia iron, the bar 24in. square and the bearing 24 in. 
diameter turned smooth. State the cost distinct for revolving 
and fixed axles; as you will perceive, the fixed axle will, on 
account of its longer bearing in the nave of the wheels, require 
more expense in turning. Examine whether fixed axles are 
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tapered from the shoulder to the outer bearing in the nave, or 
whether the axle is of uniform diameter through the nave of the 
wheel, and in what manner the wheel is secured to the axle, and 
box of carriage through the axle, 
Very respectfully, your friend and obedient servant, 
Josx B. JERVIS. 

New YORK, January 16th, 1828. 

The duties, say 274 per cent., exchange, interest, and other 
charges, will together amount to about 45 per cent. on the cost 
of the engine. — 


‘It was under these favorable circumstances,” Mr. 
Allen says, “that I left New York in January, 1828, and 
within two days after my arrival at Liverpool I made the 
acquaintance of George Stephenson, in the most agreeable 
relations, and from that time, during my stay in England, I 
received from him every kindness in his power, and all the 
aid to what I had come so far to seek that was at his com- 
mand at Liverpool on the Stockton & Darlington Railroad 
and at Newcastle, at that time the center of all that was 
in progress in railroad and locomotive matters,”’ 

To get an idea of ‘the state of the art” of locomotive 
construction at the time Mr. Allen arrived in England, in 
1828, it must be remembered that it was before the cele- 
brated trial of the Xockef on the Liverpool & Manchester 
Railway, which did not occur until October 14, 1829. The 
form of locomotive engine which is described in Wood's 
'* Treatise on Railroads,” and which that Author says, 
** with trifling modifications,” was used on the Stockton & 
Darlington, the Killingworth, and other railroads in Eng- 
land, had cylindrical boilers, with hemispherical ends and 
a single cylindrical tube of about 2 ft. diameter, which 
passed through the boiler and was placed within 2 in. of 
the bottom. In one end of this tube the fire was placed 
and the other end was terminated by a chimney., In some 
- engines this tube, instead of passing through the boiler, 
was made to return and pass out at the same end as the 
fire-grate. The engines had four wheels and two cylinders, 
which were placed vertically and attached to the top and 

artly within the boiler, and were located on the longitud- 
inal center line of the engine, one of them directly over 
each axle, the piston-rods working through the top cylinder 
heads with a long cross-head, which extended transversely 
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far enough so that the connecting-rods could be coupled 
directly to crank-pins to the outside of the wheels. The 
cranks on the two pairs of wheels were at first maintained 
at right angles to each other by an endless chain passing 
over cog-wheels fixed upon the axles of the engine. That 
Mr. Jervis contemplated some such arrangement as this is 
indicated by the fact that he speaks of *' revolving chains’’ 
in his letter. Of these chains Mr. Wood says : E 

“ However good in other respects, this chain had its 
defects, and it has been superseded by cranks and con- 
necting-rod. By continued working the chain was apt to 
stretch, and a contrivance was resorted to, of the removal 
of the chairs (?) from each other, to tighten the chain ; but 
as this could only be done at certain periods, the chain was 
frequently getting slack. When this took place, and when 
the full power of one of the cylinders was applied upon one 
pair of wheels, while the other connecting-rod was upon 
the center, and therefore not capable of acting at all upon 
the other wheels, the rotation of the latter depended upon 
the action of the chains ; if the chain was, therefore, slack, 
it occasioned a slipping of the wheel until the links of the 
chain laid hold on the projection of this wheel in the direc- 
tion in which the chain was moving round, and this slip- 
ping alternately occurred by each of the wheels in succes- 
sion, as they became a predominant moving power, The 
chain was therefore laid aside.” 

To maintain the cranks on the two pairs of wheels at 
‘right angles to each other, '' returned cranks" were at- 
tached to the outer ends of the crank-pins of one pair of 
wheels. These return cranks had what may be called sec- 
ondary pins on their outer ends, which were placed at 
right angles to the main pin. These secondary pins were 
connected by coupling rods to the main pins on the other 
pair of wheels, and thus the two sets of main pins on the 
two pairs of wheels were kept at right angles to each other, 

It should be observed that when Mr. Allen arrived in 
England the use of the multitubular boiler in locomotive 
engines was unknown, or was only talked about. In the 
engraving of the Killingworth engine in Wood's '* Trea- 
tise,” he shows and describes an exhaust-pipe which “ is 
opened into the chimney, and turns up within it ;’’ but the 
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value of the steam blast was then not recognized. The 
locomotives which were known in America at that date 
were those which have been described. It is therefore not 
remarkable that Mr. Allen, then only 27 years of age, and 
feeling the responsibility of his position, should be gov- 
erned by the instructions which he received when he left 
home, He therefore ordered of Messrs. Foster, Rastrick 
& Company, of Stourbridge, three locomotives of the Stock- 
ton & Darlington type.* One of these (fig. 1) was the engine 
that afterward had the distinction of being the first one that 
was ever run in America, It had four coupled wheels, 
all drivers, driven by two vertical cylinders, with 36-in, 
stroke, placed at the back end and on each side of the hoiler, 
The motion of the piston was transferred through two grass- 
hopper beams above the cylinders, and from those beams 
by connecting-rods to the crank-pins on the wheels. The 
front end of the beam was supported by a pair ot radius 
rods which formed a parallel motion. The spokes of the 
wheels were heavy oak timbers, strengthened by an iron 
ring bolted to the spokes midway between the hub and 
felloes, and the latter was made of strong timber capped 
by a wrought-iron tire, From the illustrations of this en. 
gine which have survived, the cranks on each pair of 
wheels were apparently at right angles to each other, other-- 
wise it is not clear how the engine could start when they 
were on one of the dead points The boiler was cylindrical 
and had several large flues inside. 

After Mr. Allen arrived in England, as already stated, 
he made the acquaintance of George Stephenson, and from 
him received much valuable aid and advice. He visited 
Liverpool, the Stockton & Darlington Railway, and New- 
castle. Locomotive engines had then been in successful 


* In the latter part of his life, Mr. Allen was of the impression that cne loco- _ 
motive was ordered of this firm and two of Messrs. Stephenson & Co., of New- 
castle, but an examination, since his death, of some correspondence on file 
in the office of the Delaware & Hudson Canal Company. has shown conclusive- 
ly that three engines were built by the first-mentioned firm and one by the 
Messrs. Stephenson. This correspondence shows that the locomotive built by 
the Stephensons arrived in New York on board the ship *' Columbia” about 
the middle of January, 1829. The first one of those, built by Foster, Rast- 
rick & Co., ariived’on board the ** John Jay,’’ May 13, of the same year; the 
second one on the ship “ Splendid,” about the middle of August, and the last 
one on September 17, on the ‘* John Jay.” 
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use since 1814, and the subject of railroads was attracting 
great attention, not only in that country, but in America 
and the whole civilized world as well, 

The following extract from a report of the Second Gen- 
eral Meeting of the Liverpool Manchester Railway, 
dated March 27, 1829, will show how the subject was then 
regarded. In this report it is said : 


The nature of the ewer to be used for the conveyance of 
goods and passengers becomes now a question of great moment, 
on whatever principle the carrying department may be con- 
ducted. After due consideration the engineer has been author- 
ized to prepare a locomotive engine, which from the nature of 
its construction, and from the experiments already made, he is 
of opinion will be effective for the purposes of the Company, 
without proving an annoyance to the public. In the course of 
the ensuing summer it is intended to make trials on a large 
scale, so as to ascertain the sufficiency, in all respects, of this 
important machine. On this subject, as on every other con- 
nected with the execution of the important task committed to 
his charge, the Directors have every confidence in Mr. Stephen- 
son, their Principal Engineer, whose ability and unwearied 
activity they are glad of this opportunity to acknowledge. 


On his arrival in England Mr. Allen found, as Mr. 
Wood, in the preface to his treatise says, that '' The eyes 
of the whole scientific world were upon the great work of 
the Liverpool & Manchester Railway ;'” and as another 
writer of that period reported, *' discoveries were daily 
made of new principles applicable to locomotives, and, ex- 
traordinary as they now are, in their power and velocity, 
great improvements may yet be reasonably anticipated.” 
In England Mr. Allen spent considerable time in visit- 
ing the different roads then in operation, and in study- 
ing the performance of the locomotives in use. The 
kind of power to be used on the Liverpool & Manchester 
Railway was regarded as a question of great moment. In 
the spring of the year 1829 the Directors of that Company 
sent a deputation of their body to visit the lines where dif- 
ferent varieties of motive power were employed. The only 
conclusion which they came to appeared to have been that, 
from the great amount of traffic anticipated upon the line, 
horses were inapplicable, The contest then being between 
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locomotive and fixed engines, in order to determine which 
of the two was the most suitable for the purpose, the 
Directors resolved to employ two practical engineers, Mr. 
James Walker and Mr. John W. Rastrick, to report which, 
under all circumstances, was the best description of mov- 
ing power to be used. They reported against locomotive 
and in favor of stationary engines. Notwithstanding this 
report, the Directors did not feel themselves able to come 
to a decision on the subject—a leaning in favor of loco- 
motive engines existing, it was said, in a majority of the 
Directors. 

Mr. Allen made a contract with Messrs. Stephenson & 
Company, of Newcastle, for one more locomotive, This 
engine, he said, was ordered to be identical in boiler, en- 
gine plan, and appurtenances to the celebrated Rockef, 

When completed the four engines were shipped to New 
York and arrived there during the year 1829. The Sfowr- 
bridge Lion, itis said, was sent from the foot of Beach 
Street, in New York, to Rondout, and thence reshipped by 
canal to the track at Honesdale, where it made its cele- 
brated first trip. Some of the other engines were for atime 
stored in the warehouse of Messrs. Abeel & Dunscom 
on the East side of New York, One of them was there 
raised up so that its wheels were not in contact with 
the ground and was exhibited in motion with steam on as 
a curiosity to the public. The singular part of this is that 
it is not now known what ever became of these engines. 
All trace of them has been lost as completely as though 
they had been cast into the sea, 

Why the Stourbridee Lion was sent to Honesdale and 
not the Stephenson engine, which arrived in New York 
first, is not known, If this one, which has since passed 
into oblivion, had been selected for the first run we would 
have had the remarkable circumstance that a trial of an 
engine, which Mr. Allen said was built on substantially 
the plan of the famous Rocket, would have occurred in 
this country before that celebrated event took place in 
England, 

** It is to be regretted," said Mr, Allen, ** that one of the 
Stephenson locomotives was not sent, and for the reason, 
that they were the prolotypes of the locomotive Rocket, 
whose performance in October of the same year so aston- 
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ished the world. If one of the two engines in hand ready 
to be sent had been the one used on August oth, the per- 
formance of the Rocket in England would have been antici- 
pated in this country.'** 

The story of this first trial of the Stourbridge Lion has 
often been told. The engine received its name, Mr. Allen 
said, ‘“ from the fancy of the painter who, finding on the 
boiler end a circular surface, slightly convex, of nearly four 
feet diameter, painted on it the head of a lionin bright col- 
ors, filling the entire area.” 

Ihe river and canal being closed by ice, it was not until 
the opening of navigation in 1829 that access was had to 
the railroad at Honesdale, Pa., which was then at the head 
of the canal and at the beginning of the railroad. 

Being at liberty during July and August, Mr. Allen vol- 
unteered to go to Honesdale and take charge of the trans- 
fer of the locomotive from the canal-boat to the railroad 
track. Of the place where the trial was made he wrote ; 

“* The line of road was straight for about 600 ft., being 
parallel with the canal, then crossing the Lackawaxen 
Creek, by a curve nearly a quarter of a circle long, of a 
radius of 750 ft.,on trestle-work about 30 ft.above the creek, 
and from the curve extending in a line nearly straight into 
the woods of Pennsylvania, 

"The road was formed of rails of hemlock timber in 
section 6 X 12 in., supported by caps of timber ro ft. from 
center to center. On the surface of the rail of wood was 
spiked the railroad iron—a bar of rolled iron 2} in. wide 
and + in. thick, The road having been built of timber in 
long lengths, and not well seasoned, some of the rails were 
not exactly in their true position. Under these circum- 
stances the feeling of the lookers-on became general that 
either the road would break down under the weight of the 
locomotive, or, if the curve was reached, that the locomo- 
tive would not keep the track, and would dash into the 
creek with a fall of some 30 ft. 

“ When the steam was of right pressure, and all was 
ready, I took my position on the platform of the locomotive 
alone, and with my hand on the throttle-valve handle, said : 


* See note on page 15. 
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` If there is any danger in this ride, it is not necessary that 
the life and limbs of more than one should be subjected to 
danger,” and felt that the time would come when I should 
look back with great interest to the ride then before me. 

“ The locomotive having no train behind it answered at 
once to the movement of the valve ; soon the straight line 
was run over, the curve was reached and passed before 
there was time to think as to its being passed safely, and 
soon I was out of sight in the three miles’ ride alone in the 
woods of Pennsylvania. | 

“I had never run a locomotive nor any other engine 
before. I have never run one since, but on August gth, 
1829, I ran that locomotive three miles and back to the 
place of starting, and being without experience and with- 
out a brakeman, I stopped the locomotive on its return at 
the place of starting. After losing the cheers of the 
lookers-on, the only sound, in addition to that of the ex- 
haust steam, was that of the creaking of the timber struc- 
ture. 

““ Over half a century passed before I again revisited the 
track of this first ride on this continent. Then I took care 
to walk over it in the very early morning, that nothing 
should interfere with the thoughts and the feelings that, 
left to themselves, would rise to the surface and bring be- 
fore me the recollections of the incidents and anticipations 
of the past, the realization of the present, and again the 
anticipations of the future. 

“It was a morning of wonderful beauty, and that walk 
alone will, in time to come, hold its place beside the 
memory of that ride alone over the same line more than 
fifty years before.”” 

Mr, Allen always took a delight in telling of this early 
event in railroad history. When the enormous extent of 
the railroad system of this country is considered, it seems 
very wonderful that it was created within the lifetime of a 
single individual, who was an active, and, it may be said, 
the chief participant in the very beginning of steam loco- 
motion in this country. Less than a year ago the vener- 
able Captain John Ericsson ended his eventful life. He 
was a participant in the celebrated Rainhill trial of loco- 
motives on the Liverpool & Manchester Railway in 1829. 


21 


His life and that of Mr, Allen formed links which almost 
united the eighteenth and the twentieth centuries, 

In September of 182g Mr. Allen became the Chief En- 
gineer of the South Carolina Railroad, the construction of 
which had then been determined upon. On his recommen- 
dation the gauge of the road was made 5 ft. This road 
was completed and its cost was within his original esti- 
mates, and when finished it was the longest railroad in the 
world. Later the question of the gauge of the Erie road 
was referred to him as Consulting Engineer of that line, 
He advised that it also be made 5 ft. It was a great mis- 
fortune that his advice was not followed in both cases, 
and that the gauge for all American railroads was not 
made 5 ft. The extra width of 34 in. would now be an 
immense advantage in the construction of both cars and 
locomotives. As the weight, size and capacity of these have 
grown the value of this 34 in. of space between the rails 
has increased in about the same ratio. 

At that early date the South Carolina Railroad Company 
had to decide whether the motive power of the road should 
be horses or locomotives. In a report made to the Com- 
pany in November, 1829, Mr. Allen presented an estimate 
of the cost of transportation by horse-power and by loco- 
motive power. The estimate of cost of locomotive power 
was based on facts obtained on the Stockton & Darlington 
Railroad. In his pamphlet, ‘‘ The Railroad Era,’ Mr. 
Allen said: 


The result of that comparison was in favor of locomotive 
power, and the report contained a decided recommendation that 
locomotive power should be the power to be used on the South 
Carolina Railroad. But the basis of that official act was not 
the simple estimate resting on the facts as they existed on the 
Stockton & Darlington Railroad, but, as was stated in the re 
port, was on the broad ground that in the future there was no 
reason to expect any material improvement in the breed of 
horses, while in my judgment the man was not living who 
knew what the breed of locomotives was to place at command. 


This report was submitted to a full meeting of the 
Board, and the decision was unanimous to adopt loco- 
motives as the tractive power on the road, and Mr. Allen 
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added, ‘‘ it was the first action of this kind by any corpo- 
rate body in the world.” | 

The South Carolina Railroad when first constructed con- 
sisted of timber rails or stringers 6 x 12 in., on which iron 
bars 24 X 4 in. were spiked. When the question of motive 
power came up for consideration it was essential that the 
weight per wheel should not be greater than the structure 
described could safely bear. The load per wheel, there- 
fore, had to be limited, and it also seemed to be highly 
important to place as great a quantity of power within one 
machine as possible. In another communication made 
May 16, 1831, to the President and Directors of the road 
Mr. Allen discussed the general subject of steam trans- 
portation, and especially the subject of boiler capacity of 
locomotives, and then said: 

When we come to consider the application of locomotives to 
wooden ruads there are circumstances which call for attention, 
and a particular adaptation of arrangement to them. As the 
Same amount of attendance and repairs attend engines of the 
various powers within the range that can be employed on rail- 
roads, it becomes a highly important object to place as great a 
quantity of power within one machine as possible. And this is 
more peculiarly the case on a road where the great and most 
difficult sources of expense are the attendance and repairs, 
while the fuel is comparatively of little consequence. As on 
every road there exists a limit of weight to be placed on each 
pair of wheels, and as on wooden roads this limit is much less 
than on an iron one, it becomes a still more interesting inquiry 
to ascertain by what means we may increase the quantity of 
power without exceeding the limit. On the Liverpool & Man- 
chester road they appear practically to be limited to three tons 
on each pair of wheels, though some accounts state this to be 
too high, with their velocity, for the permanent benefit of the 
road. On a wooden road, where only 4-in. iron is made use 
of, I would put the limit at 1} tons per pair of wheels. 

If, therefore, there can be no arrangements whereby this dis- 
advantageous relation may be provided for, it is evident that to 
convey the same quantity of goods or transport the same num- 
ber of passengers, we must incur twice the expense of attend- 
ance, twice the amount of repair, and twice the liability to 
accident. In fact, more than twice, since in doubling the weight 
of the engine we are able to appropriate a greater proportion 
of the increased weight to steam-generating purposes. 


23 


The arrangement which I would propose to effect so desirable 
an object would be, as the limit exists in the quantity on each 
point of support, to increase the number of supports, and thus 
distribute the weight over a greater surface. I would therefore 
place the engine on six or eight wheels, and limit the weight to 
14 tons to each pair. | 

There arise two objections to this arrangement, from the in- 
equalities in the line of support; the one vertical, the other 
horizontal. 

If three or four wheels were united on a side to the same 
rigid straight line, and the road had irregularities in its surface, 
there would arise great and injurious strains to the structure, 
from the wheels not being able to adapt themselves to the 
irregularities. - 

This dificulty may be completely obviated by giving the 
weight to be supported but two points of support on each side, 
and making these points the centers of motion of the pairs of 
wheels, 

This arrangement will evidently adapt itself with as much 
ease and simplicity to all vertical irregularities, as is the case 
wirh two wagons connected together. 

As to the change of direction horizontally, as in the entrance 
of turnouts and the passage of curves, a very simple adjustment 
will relieve the arrangement from all difficulty. If we connect 
the frame with the cross-piece only at the center, and by a hori- 
zontal point, the two sets of wheels will thereby be enabled to 
pass all curvatures with the facility of two simple wagons con- 
nected in the ordinary manner. 

No attempt has yet been made to accommodate the locomo- 
tive carriage to the passage of curvatures, by providing the 
means of changing the parallelism of the axles, and giving them 
the relative inclination that the radius of curvature requires. 

As a result of this communication the Company author- 
ized the construction of several ‘‘ steam carriages’ on this 
plan. Mr. Allen accordingly left Charleston early in the 
summer of 1831 for the North, and contracted with the 
West Point Foundry for the construction of the engines. 
The first one built and put in operation was the South 
Carolina. She was received at Charleston in January, 
1832, and was put in operation in February, 1832. Three 
others were also constructed and put in operation before 
the end of 1832, | 

On October I, 1834, a patent was granted to Ross 
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Winans, of Baltimore, for eight-wheeled cars with two 
trucks. In his specification he described his invention as 
follows : 

I construct two bearing carriages, each with four wheels, 
which are to sustain the body of the passenger or other car, by 
placing one of them at or near each end of it, ina way to be 
presently described. The two wheels on either side of these . 
carriages are to be placed very near to each other ; the spaces 
between their flanches need be no greater than is necessary to 
prevent their contact with each other. 

$ x i # % ES a x 

The body of the passenger, or other car, I make of double 
the ordinary length of those which run on four wheels, and 
capable of carrying double their load. 

This body I place so as to rest its whole weight upon two 
upper bolsters of the two before-mentioned bearing carriages 
or running gear. 


The Newcastle & Frenchtown Turnpike & Railroad 
Company built or used cars containing Winans’ improve- 
ments, but denied the validity of his patent. Hence, in 
1838, Winans brought his first suit at law against that 
Company. This was the beginning of 20 years of litiga- 
tion with the railroads of the country, a brief history of 
which was written by Mr. William Whiting, of Boston, 
counsel for some of the defendants, and published in 1860 
with the title * Twenty Years’ War against the Rail- 
roads.’’ Of this litigation Mr. Whiting said ; 

It was at one time a question of millions, to be assured by a 
verdict of a jury—not indeed in a single suit, but as the result 
of enforcing the plaintiff's claim wherever railroads were in use 
and the courts of the United States had jurisdiction. A single 
verdict, sustained by the court, would enable that result to be 
easily reached. Stimulated by such hopes and fears, the litiga- 
tion has been conducted with a corresponding perseverance, 
labor and talent. From Maine to Maryland, through a period 
of 18 years, in various courts of law and equity, against a great 
number of railroad companies and against other defendants, 
before juries of the country and juries of the city, before not 
less than six different judges of the courts of the United States, 
and with all the talent and learning that abundant means and 
a liberal hand could supply, with a pertinacity oí purpose rarely 
equalled, the plaintiff has pressed his claims. 
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The case was finally carried to the Supreme Court in 
Washington and was heard in 1858, and a final decision 
was given in favor of the railroads and against Winans. 
In Sans his account of this remarkable trial Mr, Whiting 
sai 


Thus, after twenty years of controversy—the commencement 
of a large number of actions at law and in equity against the 
railroads, the actual trial of eight cases—the recovery, by Mr, 
Winans, of two verdicts sustaining his patent—the disagree- 
ment of the jury in three trials, the finding of one verdict at 
Canandaigua against him, the expenditure, on both sides, of 
not Jess than $200.0c0, and the authoritative settlement of the 
suit at Washington in favor of the railroads, ends this remark- 
able chapter in the history of litigation. 


In these trials the testimony of Mr, Allen, and the eight- 
wheeled engines which he built in 1831, became very im- 
portant evidence, and in an opinion given by Judge Nelson 
he said : ** The decided preponderance of the evidence is, 
that this steam carriage embraces all the elements, ar- 
rangements, and organization to be found in the cars 
manufactured by the defendant.’ 

The invention or first use of the truck on locomotives 
has been a subject of dispute for a long time. This seems 
to be a proper occasion for summing up the evidence with 
reference thereto. 

The use of a truck in connection with steam carriages is 
distinctly suggested in the English patent granted to Will- 
iam and Edward W, Chapman, dated December 30, 1812, 
In this it is said : 


Fig. VIII. (not given here) shows a carriage of six wheels for 
the engine, which may rest equably, or nearly so, on each of its 
wheels, and move freely round the curves or past the angles of 
a railway. I, I, the fore pair of wheels, are, as usual on rail- 
ways, fixed to the body of the carriage; 2, 2, and 3, 3, the 
other two pair, are fixed (on axles parallel to each other) toa 
separate frame, over which the body of the carriage should be 
so poised, as that two-thirds of its weight should lie over the 
central point of the four wheels, where the pivot 4 is placed, 
and the remaining third over the axis 1, 1. The two-thirds 
weight of the carriage should rest on conical wheels or rollers, 
bearing upon the curved plates c, ¢, so as to admit the ledges of 
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the wheels, or those of the way, to guide them on its curves or 
past its angles, by forcing the transom or frame to turn on the 
pivot, and thus arrange the wheels to the course of the way, 
similarly to the carriage of a coal-wagon. And if the weight of 
the locomotive engine should require eight wheels, itis only req- 
uisite to substitute in place of the axis I, I,a transom, such 
as described (laying the weight equably upon both) and then sim- 
ilarly to two coal-wagons attached together, the whole four pair 
of wheels will arrange themselves to the curves of the railway. 


There is no evidence to show that the Chapman plan 
was ever put into practice, 

It was also brought out in the Winans litigation that in 
the early part of 1830, long timbers were carried on the 
Baltimore & Ohio Railroad on two four-wheeled cars, on 
which bolsters were placed, with a round pin passing down 
through a plate attached to the truck ; string-pieces from 
20 to 45 ft, long were then placed on the bolsters. Each 
of the two four-wheeled cars were thus enabled to adjust 
themselves to the vertical inequalities and horizontal curva- 
ture of the track, It was argued that this embodied sub- 
stantially the principles of the double-truck car, , 

In the printed testimony in the Winans litigation Mr. 
Allen's and other concurring evidence is given at great 
length. Lithographed copies of the original plans and 
drawings of the double-truck engines designed by Mr. 
Allen, for the South Carolina Railroad, are appended to 
the volume of printed ** Evidence for Respondents’' in this 
case, and the engravings given herewith (figs. 2-7) are ac- 
curate copies made on a smaller scale from these litho- 
graphs. He testified that the plans for the eight-wheeled 
engines were drawn by C. E, Detmold, his assistant, in 
the close of 1830 or the early part of 1831, 

Mr. Detmold testified as follows : 


Before the drawings were commenced the principles of the 
eight-wheel double-trucks were fully developed and explained 
to me by Mr. Allen, so that I then clearly understood the sub- 
ject of the construction and operation of the eight-wheel double- 
truck railroad cars, as well as I now do. The adoption of the 
eight-wheel engines became necessary from the fact that the 
Charleston Railroad was constructed of wooden rails with'a light 
flat iron bar, the rails being supported on sleepers resting 
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upon piles, at a distance of 63 ft. apart. The four-wheel en- 
gines acted very injuriously upon this light structure, because 
the greater part of the weight of the locomotive was at one end, 
and therefore the slightest irregularity in the road caused the 
engine to operate like a heavy hammer upon the rails, which 
injured both rails and engine, and produced a very unsteady 
and unsafe motion. The object of Mr. Allen was to make such 
improvements in the running gear as to obviate these difficul- 
ties. This was done by placing two swiveling trucks under the 
long body of the engine. The body was very much longer than 
that of the ordinary four-wheel engine. 
= * it $ X % = * 


The object was to obtain a small amount of pressure on each 
wheel, while the body carried was increased in length and 
weight, and to give the two trucks a proper action to conform 
to the curves and other inequalities of the road, and, at the 
same time, to cause the body of the steam carriage to run more 
smoothly or steadily on the road than the four-wheel steam 
carriages previously in use ; and also to transport more freight 
and passengers, and run with more ease, safety, and economy, 
both as to the train and to the road. 

Mr. Horatio Allen, in the winter of 1830 and 1831, made 
some of the drawings himself, and the drawing marked G (fig. 
5), and signed by me, is one of the drawings showing parts of 
the steam carriage. 


Mr. Detmold testified further that : 


“ During the winter of 1830 and 1831, under the direction of 
Mr, Allen, I made and assisted Mr. Allen in making drawings 
of the double truck steam carriages. A portion of the original 
drawings is now before me . . . and a copy thereof, which I 
believe to be correct, is annexed to the deposition of Horatio 
Allen, in the present case.’’* He emphasized his evidence to 
another interrogatory by answering: ‘‘ I am absolutely certain 
as to the date at which I assisted in making said drawings,” 


As already related the first of the engines was built from 
these drawings in 1831, and was put in operation in Jan- 
uary, 1832, 

The same volume of testimony from which such liberal 
quotations have already been made contains that of the late 


* The engravings, figs. 2-7, have been made from copies of these drawings. 
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John B. Jervis, who claimed to have invented the locomo- 
tive truck, in which he says: 

My attention has been particularly directed to the subject of 
the arrangement of the wheels of locomotives and cars to facili- 
tate the running of locomotives and cars on curves ; my atten- 
tion was very early directed to that subject. It was a subject 
on which I had often thought a good deal, but made no experi- 
ments xalil 1831. In 1831 and early in 1832 I was very much 
engaged in devising some means by which four wheels could be 
substituted for two as the leading wheels of the locomotive, and 
finally prepared a plan by which the forward end of a locomo- 
tive was supported by a sort of independent carriage consisting 
of four wheels. Those wheels were placed near to each other 
and working under the main frame of the engine, which rested 
mainly on the outside timber on friction rollers, supported in 
its lateral position on the frame of the independent carriage by 
a center pin, and this independent carriage being a substitute 
for the two wheels formerly used. . .. A locomotive was made 
on that plan under my direction by the West Point Foundry 
Association in 1832. I think it was called the Lxperiment. 
The locomotive was put on the Mohawk & Hudson Railroad in 
the autumn of 1832. 


In another deposition Mr, Jervis said : 


I invented a new plan of frame, with a bearing carriage, for a 
locomotive engine, ir the latter part of the year 1831, for the use 
of the Mohawk & Hudson Railroad, which was constructed and 
put on the road in the season of 1832. 

de te i ie = z = 4 

The engine had six wheels ; on one pair, the driving-wheels, 
rested in the usual way, one end of the frame of the engine ; 
the other end of the engine rested on the frame of a four- wheel 
car or truck, so arranged that by means of a center pin passing 
through a transom beam, the upper frame on which the engine 
rested could follow the guide of the lower frame, without neces- 
sarily being parallel with it. Friction rollers were placed on 
the lower or truck-frame, to support the engine-frame, and 
allow the truck-frame to move freely under it. By this means 
a long frame for an engine could be and is supported near its 
end, which provides for the most steady motion of the machine, 
and by the separate truck to guide, it passes on curves with all 
the facility of a short geared car. 


From the evidence quoted it will be seen that the draw- 


34 


ings for Mr. Allen's double-truck engine were made dur- 
ing the latter part of 1830 and the beginning of 1831. In 
his report to the President and Directors of the South Caro- 
lina Railroad Company, dated May 16, 1831, he says: “I 
would therefore place the engine on sz.r or eight wheels." 
As his report contemplated and advised the use of the 
truck, and as a two-wheeled truck was not known at that 
time, obviously what must have been intended was the 
arrangement of a four-wheeled truck at one end of the en- 
gine, and a pair of driving wheels attached to the main 
frame at the other. 

In testifying in the Winans case the following questions 
were asked and the answers were given by Mr. Allen: 

Q. You say that you became satisfied that it would be neces- 

sary to place the steam carriages on six or eight wheels, and 
that you devised the means of adapting the carriage for six or 
elght wheels ; will you state what adaptation was made for six 
wheels ? 
A. By using one truck with four-wheels, as already described 
in the eight-wheel arrangement, and connecting the other pair 
of wheels and their axle with the main frame of the locomo- 
tive. 

O. Did you construct a locomotive, or more than one, to be 
used on said road, with six wheels ? - 

A. I altered one four-wheel English engine to a six-wheel 
arrangement, 

O. When? 

A. I don't know. 

O. Try and recollect the year. 

A. I can't recollect; I can make an inference about the time 
it must have been. 

Q. How long was the six-wheel engine used, as near as you 
can recollect ? 

a. My recollection is, that it was in use until I left the road ; 
I have no definite knowledge about it. 

This testimony was given in 1853. 

It is thus clear that Mr, Allen matured his plans for a 
double-truck engine in the latter part of 1830, and sug- 
gested a single-truck engine in his report of May 16, 1831. 
Mr. Jervis testified that he invented ‘‘ a new plan of frame 
with a bearing carriage'' in the latter part of 1831, Mr. 
Allen's first double-truck engine was put in operation in 
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February. 1832. Mr. Jervis's single-truck engine was put 
in use early in September, 1832. 

Mr. Jervis before his death wrote a letter in which he 
claimed that the plan of applying a truck to a locomotive 
which he introduced is the one which has since been uni- 
versally used, whereas that which was devised by Mr. 
Allen, and adopted in the construction of the engines for 
the South Carolina Railroad was impracticable, and until 
the plan was revived by Mr. Fairlie it had fallen into en- 
tire disuse. While this is true, nevertheless the records 
show that, so far as priority of use is concerned, that to 
Mr. Allen belongs the credit of having first applied the 
truck to locomotives, and of having suggested its use as it 
was afterward applied by Mr. Jervis. Whether the alter- 
ations to the English locomotive, which Mr, Allen testified 
under oath he had changed to a six-wheeled engine, with 
a truck, were made before or after Mr. Jervis had the Æx- 
periment built, will now probably never be known, 

In this connection it may be well to examine another bit 
of testimony bearing upon this question of the invention 
of the truck, Ina paper by Mr. Vernon Smith, on ** The 
Development of the Locomotive,” read before the Cana- 
dian Society of Civil Engineers, in 1889, he says : 

As the invention of the truck is claimed almost universally 
for Ámerica, and as it has subsequently become a prominent 
feature in American locomotives, it may be well to place on 
record a few facts that at least go to prove that the Newcastle 
shops had something to do with the invention. 


Then, in referring to the old drawings in Stephenson's 
office in Newcastle, the Author says : 


The next number, still 1831, is No 42, ordered by the Sara- 
toga & Schenectady Railway, an engine with gin. X 14 in. cyl- 
inders, one pair of 4 ft. 5 in. driving-wheels, and a truck with 4 
wheels 2 ft. 8 in. diameter, 

The third edition of Wood's '* Treatise on Railroads," 
published in 1838, contains a tabular statement of the 
Dimensions of Locomotive Engines manufactured by R. 
Stephenson & Company. In this No. 42, for the Saratoga 
& Schenectady Railroad, is given, but it is distinctly said 
that it had two driving and zwo supporting wheels, As 
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the two-wheeled truck was unknown at that time, ob- 
viously either Mr. Wood, who wrote in 1838, or Mr. Ver- 
non, whose paper is dated last year, is wrong. 

In giving his evidence Mr. Allen described the engines 
for the South Carolina Railroad as follows : 


I gave each four wheels, at either end of the engine, an inde- 
pendent frame or truck. I connected the center of that frame 
or truck with the boiler of the locomotive by a center pin, and 
I supported each end of the boiler by rollers, resting on the 
sides of the truck about midway between the pair of wheels 
commonly called side-bearings. This arrangementallowed each 
truck or frame to move horizontally around the pin and allowed 
each frame to move vertically around the point at which the 
boiler rested upon that frame or truck. 

Four of the wheels were 5 ft. high, and four, I think, were 3 
ft. ; the cylinders of the engine were attached to the boilers. The 
frames or trucks were covered by the boilers ; by frame I mean 
the truck ; there was no independent frame ; the boilers consti- 
tuted the frame. The draw-bar was connected to the truck. 
The connecting-rod was attached to the crank on main axle, 
with ball-joints, to allow the trucks to swivel and conform to the 
curves of the road. 


It will be seen from the engravings that the fire-box of 
the engine illustrated was in the middle of the boiler, and 
that it had two barrels at each end which extended each 
way from the fire-box. The tubes, unfortunately, are not 
shown in the cross-section, fig. 6. That they were multi- 
tubular builers is known by the fact that Mr. Allen in- 
formed the writer that the steam-blast was not used on the 
engines, and that consequently the lamp-black from the 
resinous pine-wood which was used for fuel filled up the 
tubes. The fact that the steam-blast was not used also 
accounts for the high chimney shown in the engravings. 
The difference in the height indicated in figs. 2 and 4 is 
due probably to the arrangement of the original drawings 
on tbe sheet of paper, which did not leave room enough for 
the upper part of the chimneys of fig. 2. 

There was one cylinder only to each truck. The cyl- 
inders were attached to the smoke-box and not to the truck 
frame. This made the bali-joint (which is not shown in 
‘the drawings) necessary to enable the truck to swivel in 
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relation to the boiler and cylinders. If each crank happened 
to stop on a dead-center the engines were hard to start, and 
it was said that a judicious use of a fence-rail to start the 
engines was sometimes required when this occurred. 
In giving his testimony, Mr, Detmold said, of the work- 
ing of these engines : 


So far as the running gear was concerned, they all answered 
admirably the purposes for which they were built, and had the 
advantages over the former four-wheel engines, of distributing 
the weight of the Jocomotive over a larger surface of rails, and 
over more points of support, and by the double swiveling-trucks, 
that of conforming to all the irregularities and curvatures of the 
roads, and of far greater evenness and steadiness of motion, 
when running at high speed, and saving injury to the rails and 
engines by avoiding the hammering I have mentioned. After 
they had been running some years the difficulty of making suffi- 
cient steam became such, that the engines were superseded, but 
not owing to any defect in the running gear. 

The drawings of these engines were obviously imperfect 
in many respects, but they are all that is left as a record 
of the construction of these remarkable machines. They 
show how, at that early date, Mr. Allen anticipated what 
have since been recognized as essential principles in the 
construction of locomotives and the operation of railroads. 
These principles are, Ist vertical, and 2d lateral flexibility of 
wheel-base, and 3d the distribution of weight of thelocomo- 
tive on more points and over a greater surface of the road 
than was possible with the engines in use previous to 1830. 
These results, it will be observed, are a consequence of 
the adoption of the swiveling-truck in locomotive construc- 
tion, which was devised by Mr. Allen in 1830, and which 
he constructed in 1831 and put in practice in 1832. 

Furthermore, as Judge Nelson remarked in giving an 
opinion in the Winans case, these engines ‘‘ embraced all 
the elements, arrangements and organization to be found 
in cars with two four-wheeled trucks,’’ It was the early 
adoption of swiveling-trucks for both locomotives and 
cars in this country which has so materially ** differenti- 
ated’’ American railroad practice from that in other coun- 
tries, and to Mr, Allen belongs the credit of having had 
the prescience to see, and the courage to put in practice, 
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what are now recognized as essential principles in railroad 
construction. With the light and experience of 60 years 
to guide us, it is now easy to see how very close these early 
engines of Mr, Allen came to being a most brilliant suc- 
cess, If the driving-axles had been attached to frames 
fastened to the fire-box, and if the two pairs of small 
wheels alone had been connected to the truck-frames, and 
the cranks had then been placed at right angles to each 
other, and the driving-wheels coupled together, the engines 
would have achieved immortality. 

In 1834, after the South Carolina Railroad was finished, 
Mr. Allen married Miss Mary Moncrief Simons, daughter 
of the Rev. James Dewar Simons, Rector of St, Philip s 
Church in Charleston. He remained in Charleston until 
1835, and in the spring of that year he went abroad, accom- 
panied by Mrs, Allen and her-mother, and devoted nearly 
three years to foreign travel, returning to America near the 
close of 1837. Aftera summer in England and Scotland and 
a winter in Paris, he visited the principal cities of the conti- 
nent, and made the entire passage of the Danube to the 
Black Sea and Constantinople, went thence to Smyrna, 
the Asiatic Coast, to Athens, and across the Levant to Al- 
exandria, and spent the winter on the Nile. In the spring 
of 1837, he went to Naples and Rome, and returned to 
Paris, and from there to England, from which he sailed 
for New York late in 1837. | 

In 1838 he received the appointment of Principal Assist- 
ant Engineer of the Croton Aqueduct, John B. Jervis 
being the Chief Engineer. Before the High Bridge over 
the Harlem River was built, Mr, Allen recommended that 
the Croton Aqueduct be carried in a tunnel below the 
river. Since then this plan has been adopted for the 
new aqueduct, which now passes under the river. On the 
completion of the Croton Aqueduct, in 1842, he first turned 
the water on to supply the city of New York, Afterward 
he was appointed one of five commissioners who were in- 
trusted with the supervision of the distribution of the water 
through the city. 

About 1842 Mr. Allen became one of the proprietors of 
the celebrated Novelty Works in New York, This estab- 
lishment originated in a somewhat curious way. Previous 
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to the date when this firm was organized Dr, Nott, then 
President of Union College, invented a stove and a steam 
boiler for burning anthracite coal. To show the entire 
ed of his invention he had a small steamboat 

uilt called the Vove//y, which ran from New York to 
Harlem. At night this boat was laid up at a landing at 
the foot of Twelfth Street. A small shed was then erected 
there, with a few tools for doing repairs on the boat. This 
shop was extended, and it came to be known as '* The Nov- 
elty’s Works,” and afterward passed into the hands of Mr. 
Stillman, who extended it and did various kinds of ma- 
chine work there. After Mr. Allen entered the firm the 
business, grew very rapidly in various directions, and in- 
cluded mill-work of various kinds, stationary and marine 
engines, pumps, sugar machinery, steam fire-engines, 
hydraulic presses, etc. 

The firm of Stillman, Allen & Company was formed in 
1847, and consisted of Thomas B. Stillman, Horatio Allen, 
Robert M. Stratton, George F, Allen, and William B. 
Brown. The Novelty Works finally became the largest 
establishment in the country for building marine engines, 
The machinery for many of the old Collins Line of steamers 
and the Pacific Mail Steamship Company, was built there, 
including the engines of such ships as the Pacific, Atlantic, 
Adriatic, Arctic, and Baltic. All these had side-lever 
engines excepting the Adriatic, which had oscillating en- 
gines, with two cylinders 9 or Io ft. diameter and 13 ft. 
stroke. 

Mr. Allen was always a great advocate of oscillating 
cylinder engines for side-wheel steamships, and in 1867 he 
wrote what he called ‘‘a statement of facts and consider- 
ations in reference to beam and oscillating engines for 
marine side-wheel steamships,” which was addressed to 
Allan McLane, President of the Pacific Mail Steamship 
Company, and was afterward published in a pamphlet. 
In this Mr. Allen compared engines with 85-in. cylinders 
and 3 ft. stroke, and claimed that the room occupied by 
the oscillating engine compared with the beam engine is 
8,500 cubic feet for the one and 14,750 for the other; the 
welght 138 and 152 tons respectively ; the number of parts 
through which the power is transmitted from the piston to 
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the crank is three for the oscillating engine and nine for 
the beam engine ; the number of parts which must be con- 
structed in true line and relation to each other is three for 
the oscillating and six for the beam engine ; the number 
of bearings and their brasses to be kept in proper adjust- 
ment and lubrication is five for the oscillating and 13 for 
the beam engine. He also explained that ıhe structure 
through which the power was transmitted from the cyl- 
inder to the crank-pin would be much stronger and more 
substantial, and the strain on the bottom of the vessel less 
with the oscillating than with the beam engine ; the weight, 
which comes to a state of rest in passing the centers ıs 64 
tons in the one engine and 30 in the other ; the valve-gear 
of the oscillating engine, it was admitted, has more parts 
than that of the beam engine. It was also claimed that all 
the journals of the oscillator are as accessible as those of 
the beam engine, that the first could be balanced by cast- 
iron buckets on the wheel as perfectly as the latter is by 
the weights at each end of the beam. 

The Adriatic had oscillating engines, and Mr. Allen 
applied his two-motion cone valve-gear to them, which 
consisted of large conical plug-valves. They were moved 
by a mechanism which first lifted the valves and then turn- 
ed them, which it was supposed would prevent them from 
jamming. There was considerable difficulty in getting 
them to work satisfactorily, which caused much delay and 
expense, Some part of the gear broke down on a trial trip, 
and the valves were finally taken out and others were sub- 
stituted for them. As there was great rivalry at that time 
between the Cunard Line—which was owned by English- 
men—and the Collins steamers, which were owned by 
Americans, this experimental valve-gear attracted a great 
deal of attention, and was the subject of much criticism. 

The engines for the Constitution, Moses Taylor, Ancon, 
eS Nass Great Republic, Idaho, Montana, Arizona, 
Golden Age, and Golden Gate for the Pacific Mail Steam- 
ship Company and for the Ze d'Italia and Re Gallant- 
Uomo, two war ships for the Italian government, were all 
built at the Novelty Works, The Golden Gate also had os- 
cillating engines, 

During the War engines were built for three gun-boats 
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and also for the sloops Adirondack and Wampanoag, and 
the double-turreted monitor Afiantonomah, and the frigate 
foanoke was converted into a monitor with two turrets. 
The old engines were used in the vessel when it was 
altered, 

At one time there were over I,500 men employed in the 
Novelty Works, but so great was the difficulty of getting 
men at that time, owing to the demands of the army and 
navy, that Mr, Allen went to Europe and employed a large 
number there who were brought over. 

It was during the War that the somewhat acrimonious 
dispute, with reference to the economy of using steam ex- 
pansively arose. On the one side were those, including 
Mr. Isherwood, the Chief of the Bureau of Steam Engi- 
neering, who advocated the use of moderate degrees of 
expansion and comparatively low pressure with the engines 
then in use; and on the other side was the late Mr. E. N. 
Dickerson and others, who claimed that greater pressures 
and excessively high degrees of expansion were the most 
economical, The subject was discussed on both sides 
with great fierceness and attracted the attention of Con- 
gress, and finally the Naval Committee requested the 
Naval Department to have a series of experiments made 
'* to assist in determining the limitation of the economical 
expansion of steam under practical conditions, and other 
collateral questions relating to the general subject.” * 

In 1863, Mr. Welles, then the Secretary of the Navy, ap- 
pointed Mr. Allen and Mr. Isherwood, who at that time 
was the Chief of the Bureau of Steam Engineering, “a 
Commission to devise and conduct a set of experiments to 
ascertain, by means of practical results, the relative econ- 
omy of using steam with different measures of expan- 
sion, ‘t+ The Commission was also authorized ‘to asso- 
ciate such other persons as it may deem advisable for the 
object in view.” 

The experiments were to be made under the supervision 


* Faper on the Cost of Power in Non-Condensing Steam Engines. Read 
by Charles E, Emery before the American Society of Mechanical Engi- 
neers, 1588. | 

t The above language is quoted from the original appointment of the Com- 
mission. 
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of a Committee of the Franklin Institute of Philadelphia, 
and the Smithsonian Institute of Washington, and three 
civilian engineers, of whom Mr. Allen, who believed in 
high rate of expansion, was one. If Committees were ap- 
pointed by the Institutions named, they did not take an 
active part in conducting the experiments. These were 
made during the years 1864 to 1868 at the Novelty Works, 
under the general direction of Mr, Allen, who was then 
the President of the Company, and Chief Engineer Isher- 
wood, at that time the Chief of the Bureau of Steam Engi- 
neering, U.S. N., who detailed a corps of assistants to 
do the work. : 

The experiments were commenced at the Novelty Works 
on a large scale. Engines with various-sized cylinders 
were constructed. These were connected with a large air 
fan, the revolutions of which represented the work done, 
Much time and money was consumed in getting this 
machinery to work satisfactorily, and in making the experi- 
ments, and apparently they did not prove exactly what 
either side anticipated. While they were insufficient to 
settle all the points at issue they showed what is well 
known now, that the point of cut-off which is most eco- 
nomical becomes shorter as the pressure is increased, but 
that with any pressure, the most economical degree of ex- 
pansion is soon reached and the cost rises rapidly after 
this point is passed, 

So much time was consumed in making the experiments 
that some of those who formed the Commission lost inter- 
est and practically abandoned them, possibly because the 
results did not prove what it was expected they would, 
The work was then carried on by Chief Engineer Isher- 
wood and his assistants in consultation with Mr, Allen. 
The cost of the experiments went up to over $100,000, and 
as the time consumed was so great and the results were 
apparently inconclusive, the Navy Department finally 
ordered them discontinued. The Commission in charge 
of them never made a report nor were the results published 
under Government authority, although a general table was 
furnished by Mr. Isherwood to Mr, R. H. Buel, who had 
it published in the articles on Steam Engineering which 


43 


he prepared for Appleton's Cyclopedia of Mechanics and 
in the American edition of Wiesbach's Mechanics, 

It is not easy now to learn what was the precise signifi- 
cance, or rather what was proved by these experiments. 
Apparently they did not show as great an economy from 
the use of high-pressure steam and high rates of expan- 
sion as the advocates of that side of the question expected, 
though the results with high-pressure steam showed 
greater economy than those with low pressure, and it was 
also found that it was economical to cut off shorter with 
high than with low-pressure steam. The experiments 
were, of course, made with engines of the kind then in most 
general use, and did not include compound or triple-expan- 
sion engines with the very high pressures which have been 
made practicable by their use. It is evident now that those 
who then advocated the use of high-pressure steam and ex- 
cessively high degrees of expansion, did not understand fully 
how steam used under these conditions is affected by vari- 
ous circumstances, especially those existing when steam is 
expanded in a single-cylinder engine, 

Afterward, a competitive trial was made by Commodore 
Isherwood and Mr, Dickerson with two United States 
vessels, the Winooski and the Algonguin. They were 
first tied up in a dock and their wheels were turned ata 
regular rate and a careful record was kept of the fuel con- 
sumed, In these trials the Winooski, Commodore Isher- 
wood s vessel, had an engine with double poppet-valves 
and Stevens cut-off. The Algorguin had a Sickles cut-off 
with single poppet-valves. 

Trials of speed were afterward made at sea. The 
Winooski then used steam of 25 lbs. pressure cut-off at 
iy Of the stroke, and the A/gonguzn carried go lbs. of 
steam and cut-off at -1,. 

The failure of the Adgonguin in these trials is now a 
matter of history. Be 

After the experiments at the Novelty Works were ended, 
Mr. Charles E, Emery, who was an assistant engineer in 
making them, suggested a supplementary series with a 
small engine having 8 x 8 in. cylinders, The officers of 
the Novelty Works agreed to bear the expense of these 
which amounted to about $5,000, The results of these ex- 
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periments with non-condensing engines were afterward 
published by Mr. Emery in the proceedings of the Ameri- 
can Society of Mechanical Engineers in 1886 and 1888. 

While the investigations were being made, it is said 
that Mr. Allen suspended judgment thereon, as was proper 
he should. Those who were intimately associated with 
him at the time never heard him express an opinion with 
reference to the subject after the experiments were ended. 

In the light of our present knowledge it seems singular 
that experiments on such a scale were needed to show 
what now seems so easily proved. Doubtless some of the 
experiments of the present day will appear equally need- 
less 25 or 30 years hence. 

During all of Mr. Allen's career he was a prolific inven- 
tor, as will appear from the following list of some of the 
patents which he took out : 


Steam Cut-Off H., Allen............. ieee a PRR ERE ta at ee «1841 
Stop Cock a Ae aa TORA 
Steam Cut. Off a ON O E Le TE 
Determining Thickness of Metal Pipes. H. Allen.........<.«.:1343 


Tapping Mains, Hr Allen... e a vennis ee 
Steam Cut-Off We RR RTL ES 


ENTE ‚1847 

Steam Cut-Off E paola waa LIE RN 1849 
E eh Ne en ee e en er ie 
Steam Engine Valve-Gear, Allen & Wells ae oa ...1853 
ae ei. as ide A A E eee 1853 
Two Motion Cone Valve.. i ee E Fern „1855 
Steam Engine Valve-Gear, H. Allen, een as. a ROSS 
Steam Boiler Tube Joint, Se a aca o ONO 
Car Seats and Couches, £3 ee ca ODO 


Connecting the Tubes with the eats of Surface Condensers. 

BE, Allen a arar RÓS 
Sleeping Cars, H. AED... arras a A jews A896 
‘Terrestrial Globes; $ a 0070 

The Allen & Wells cut-off, in its several different forms, 
was introduced to some extent, and is still in use on differ- 
ent steamboats. The method of connecting condenser 
tubes to their heads, with compressed wooden ferules, 
has also been extensively adopted, 

During the War, although a great deal of work had been 
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done at the Novelty Works, the success of the Company 
was not proportionate to the amount of the business. 
They were operated during part of that period under the 
disadvantage of a market in which the prices of labor and 
materials were constantly rising. Contracts were taken at 
fixed sums, and it was then not easy to anticipate what the 
increase would be in the cost of doing work before it was 
finished. | 

When the War was ended there was, of course, a cessa- 
tion of Government work, Business at the Novelty Works 
had been conducted on a large scale, with fixed expenses 
in the same proportion. The tools and machinery were 
old and out of date, and it was soon found that the Works 
were being conducted at a loss. To remodel and re-equip 
them with new tools and machinery to meet the changed 
condition of business, would involve a large outlay of 
capital. The real estate was very valuable, and it was 
finally determined to close the Works and wind up the 
business. This was done in 1870 and the Novelty Works 
soon ceased to exist. The business which was conducted 
there, like most great enterprises, was attended with vary- 
ing success. Under the firm of Stillman, Allen & Com- 
pany it was at first very profitable, but some heavy losses 
embarrassed the firm and they had to seek outside aid. 
Mr. James Brown furnished the firm with more capital, 
and when a stock company was organized he became a. 
stockholder, and Mr. Allen was President, During the 
War the business was very active and during part of 
the time profitable, but Mr. Allen was then not a large 
holder of the stock, 

During his connection with the Novelty Works he also 
acted in the capacity of Consulting Engineer for the Erie 
Railroad, and he was President and Chief Engineer of that 
Company for a year. He wasalso Consulting Engineer to 
the Panama Railroad Company for a short time, and during 
that period also held incidentally other important engineer- 
ing trusts. His professional career may be said to have 
ended as Consulting Engineer of the Brooklyn Bridge. 

In 1870 Mr, Allen retired from active life and built him- 
self a house at Montrose, near Mountain Station, on the 
Morris & Essex Railroad in New Jersey, where he re- 
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sided up to the end of his life. He left a widow, three 
daughters, and a son. He always seemed to derive his 
chief enjoyment in life from his delightful home, but this 
was especially the case during the latter years of his life. 
He was a man of very quiet domestic tastes, but took a 
lively interest in engineering, scientific, and especially 
educational matters, up to the last. 

He always took an active interest in philanthropic and 
charitable matters, and was one of the founders of the 
Union League Club, and an active member of it in the days 
when its influence was exerted in behalf of great national 
questions, and before narrow partisanship had contracted 
its sphere of usefulness. He was also one of the organ- 
izers, and for a long time an active member, of the Asso- 
ciation for the Improvement of the Condition of the Poor, 
the Children's Aid Society, and the New York Gallery of 
Art, and was associated with a number of gentlemen who 
were instrumental in preserving what was known as the 
Abbott Collection of Egyptian antiquities, which now forms 
a part of the New York Historical Society’s collection. 
He was a member of the American Society of Civil Engi- 
neers, and was its President for one term. He was also a 
member of the American Society of Mechanical Engineers, 
and was elected an honorary member of both societies. 

Mr, Allen took an interest in a very wide range of sub- 
jects. During his later years he devoted much time to the 
subject of education. He earnestly desired to be of use to 
the rising generation, and he sympathized very strongly 
with the difficulties of children and young people in ac- 
quiring knowledge. He wrote a little book on arithmetic 
and commenced one on algebra, and was especially inter- 
ested in the methods of teaching astronomy. He also, 
wrote a book on that subject and invented and constructed 
a number of instruments to facilitate the study of astrono- 
my in schools, 

His life and experience, if it could be fully written, 
would be of exceeding interest, 

In his later years he often expressed regret that he did 
not keep a record of the events of his early life, and espe- 
cially his observations during the period that he first visited 
Europe. He was then on intimate terms with George 
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Stephenson and the early fathers of the railroad system. 
He was in England to study that system, which was then, 
if not in its infancy, at any rate in its early youth. If his 
observations had been fully recorded, they would now be 
of intense interest. Beginning his study of engineering 
in early manhood, when railroads were an experiment, it 
extended over the period, so recently ended, which covered 
completely that wonderful era of modern development 
which has been due to the introduction, application, and 
diffusion of steam-power over the whole civilized world. 

Mr. Allen was an ardent lover of nature, and nearly al- 
ways devoted the early morning hours to the enjoyment of 
its beauty, and took the keenest delight in its contempla- 
tion. Among the marked traits of his character were 
his gentleness and generosity, which, it is said, ** is in noth- 
ing more seen than in a candid estimation of other men’s 
virtues and good qualities.” He was always ready to 
give a helping hand to those who were down and trying to 
get up. His words and acts of encouragement to many 
young men beginning the hazardous voyage of life, were 
like propitious breezes and inspired them with hope which 
sustained them until they reached port. A paper pub- 
lished near his home said of him: “ His integrity was of 
the most unswerving, unflinching kind, and he was scrupu- 
lous almost to a fault over matters that ordinarily pass 
current in the mercantile world.’ The modern forms 
which business bribery has assumed excited in him un- 
bounded indignation. A gentleman occupying a promi- 
nent position in public life, and who was associated with 
Mr. Allen during the trying period of the War, said of 
him, he possessed all the best qualities of a true gentle- 
man. 

His last years were spent quietly with his family in his 
home at Montrose, in New Jersey. It may be said of him 
that his integrity commanded the respect of all honest 
men who knew him; his generosity made many persons his 
debtors, and the delight which he took in contributing to 
ess of others led all to be ** kindly affectioned”’ 
to him, 





